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This is a Continuation-ln-Part of Application No. 10/154,812 
filed May 28, 2002, the disclosure of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

(i) Field of the Invention 

The present invention relates to ULSI wiring in which wiring 
layers are separately formed via a diffusion prevention layer with an 
insulating interlayer portion made of Si0 2 , and a method of 
manufacturing the same. 

(ii) Description of the Related Art 

In ULSI wiring, attendant upon the requirements of an 
increase in capacity of ULSI and a decrease in cost of manufacture, it is 
desired to decrease in size of wiring structure and simplify the 
manufacturing process. From these points, as fabrication techniques 
for ULSI wiring structures, at present, dual damascene processes are 
mainstream (hereinafter referred to as prior art 1). 

In ULSI wiring according to the prior art 1 , in case that a 
wiring layer is made of Cu (copper), Cu constituting the wiring layer 
diffuses into an insulating interlayer so that it may bring about bad 
insulation. Therefore, it is indispensable to interpose a diffusion 
prevention layer between the wiring layer and the insulating interlayer 
and thereby prevent Cu from diffusing into the insulating interlayer. 

Conventionally, for this diffusion prevention layer, use is made 
of TaN, TiN, or the like, formed mainly through a sputtering process. 
Besides, in case that the wiring layer is formed on this diffusion 
prevention layer by electroplating, in particular, with copper, since the 
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diffusion prevention layer of TaN, TiN, or the like, as described above, is 
inferior in electrical conductivity, a Cu seed layer or the like as a 
conductive layer is required. 

Although, in dual damascene processes, simplification of 
process and a decrease in cost by application of wet processes are 
considered to be advantageous, it is hard to say that the use of dry 
processes, such as sputtering upon fabrication of the diffusion 
prevention layer and the conductive layer, is the best technique. 

So, a technique is first thinkable in which the diffusion 
prevention layer is fabricated through an electroless plating process as 
a wet process. A method of forming such a diffusion prevention layer by 
electroless plating is reported in, e.g., Electrochimica Acta, vol.44 
(1999), pp.3639-3649 (hereinafter referred to as prior art 2). For 
forming a diffusion prevention layer by electroless plating, it is 
indispensable to give catalysis to the surface of an insulating interlayer. 
However in the above report, for forming a diffusion prevention layer of 
COWP, a Co layer is formed as a catalyst layer by sputtering to give 
catalysis. In this way, in the case of forming the catalyst layer by 
sputtering, a thickness to some extent is required for keeping adhesive 
properties between the diffusion prevention layer and the insulating 
interlayer, and the uniformity of the diffusion prevention layer. 
Therefore, by this method, further fineness of the ULSI wiring structure 
is difficult. 

Besides, in the above-described process, many steps are 
required till the fabrication of the wiring layer. In addition, two 
processes different in phase, such as sputtering and CVD as dry 
processes, and electroplating as a wet process, must be performed. 
Therefore, the process is complicated and it is disadvantageous in cost. 

Further, a layer of SiN or the like higher in dielectric constant 
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than Si0 2 , as a capping layer (cap insulating layer), is formed on the 
wiring layer by chemical vapor deposition (CVD) or the like. In this 
case, a thickness to some extent is required for keeping the adhesive 
properties with the wiring layer, and the uniformity and thermal stability 
of the capping layer. Therefore, the wiring capacity is increased, and 
further fineness of the wiring structure is difficult. 
SUMMARY OF THE INVENTION 

The present invention has been made in view of the above 
circumstances. 

It is an object of the present invention to provide a method of 
manufacturing ULSI wiring, which makes it possible to perform all the 
formations of the diffusion prevention layer and further the wiring layer 
and the capping layer through wet processes, and in which the diffusion 
prevention layer good in adhesion, and further the wiring layer and the 
capping layer, can be formed through a simple process. 

It is another object of the present invention to provide ULSI 
wiring in which a capping layer good in adhesion, uniformity, and 
thermal stability is formed as a plating film on the wiring layer. 

According to one aspect of the present invention, there is 
provided a method of manufacturing ULSI wiring in which wiring layers 
are separately formed via a diffusion prevention layer with an insulating 
interlayer portion made of Si0 2 . The method comprises the steps of 
treating, with a silane compound, an Si0 2 surface on which the 
insulating interlayer portion is to be formed, performing catalyzation with 
an aqueous solution containing a palladium compound, forming the 
diffusion prevention layer by electroless plating, and then forming the 
wiring layer on this diffusion prevention layer. According to this aspect 
of the present invention, the diffusion prevention layer having high 
thermal stability and barrier properties. 
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In the aspect of the present invention, the formation of the 
diffusion prevention layer by the electroless plating preferably is 
accomplished by a step of forming metallic cores by use of a neutral or 
acid electroless plating bath, and a step of forming the diffusion 
prevention layer by use of an alkaline electroless plating bath. In 
consequence, even by using the alkaline electroless plating bath, the 
diffusion prevention layer can be formed without damaging Si0 2 and the 
organic silane layer. 

In the aspect of the present invention, when the wiring layer is 
formed by electroless plating, the diffusion prevention layer formed by 
the above method plays the role of a catalyst. Hence, it is possible to 
directly form the wiring layer on the diffusion prevention layer by the 
electroless plating without performing a treatment such as the 
catalyzation treatment. In addition, if a metallic film having a low 
specific resistance is used as the diffusion prevention layer, the wiring 
layer can also be formed by electroplating. Furthermore, if a capping 
layer is directly formed on this wiring layer by the electroless plating, the 
ULSI wiring can be manufactured through all wet processes. 

According to another aspect of the present invention, there is 
provided a manufacturing method of ULSI wiring which comprises the 
step of directly forming a capping layer on a wiring layer by electroless 
plating. Here, in the case of this aspect of the present invention, for 
forming the capping layer, an electroless plating bath as will be 
described below in detail is preferably used, besides, in case that the 
wiring layer is made of copper, it preferably comprises the step of 
removing copper oxide rubbish before electroless plating. As the 
copper oxide rubbish removing step before electroless plating, it is a 
wet treatment or the like with an acid aqueous solution without 
damaging an insulating interlayer, more specifically, a wet treatment 
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with an acid electroless nickel plating bath using a boron-base reducing 
agent is preferable. By treatment with the acid electroless nickel plating 
bath using this boron-base reducing agent, preferably not only the 
removal of the copper oxide layer but also uniform reaction core 
formation onto the wiring layer is performed at the same time. In this 
case, it is preferable that the step of forming the capping layer is 
performed in two stages of the copper oxide layer removal and reaction 
core formation step with the electroless nickel plating bath using the 
boron-base reducing agent, and then the step of forming the capping 
layer by alkaline electroless plating; or it is also preferable that the 
copper oxide layer removal and reaction core formation step with the 
electroless nickel plating bath using the boron-base reducing agent, and 
the step of forming the capping layer are performed in one stage; or it is 
preferable that the step of forming the capping layer is performed in two 
stages of the copper oxide layer removal and the step of forming the 
capping layer by alkaline electroless plating containing no alkali metal. 

According to still another aspect of the present invention, 
there is provided ULSI wiring in which wiring layers are separately 
formed via a diffusion prevention layer with an insulating interlayer 
portion made of Si0 2 and a capping layer is formed on the wiring layers. 
In the ULSI wiring, the capping layer is made of a nickel-tungsten- 
phosphorus, nickel-rhenium-phosphorus, or nickel-boron plating film. In 
this case, the capping layer is preferably formed by nickel-tungsten- 
phosphorus electroless plating, nickel-rhenium-phosphorus electroless 
plating, or nickel-boron electroless plating. According to this aspect of 
the present invention, this capping layer is good in adhesion, uniformity, 
and thermal stability. 

According to yet another aspect of the present invention, 
there is provided a method of manufacturing ULSI wiring which 
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comprises the step of applying nickel-tungsten-phosphorus electroless 
plating, nickel-rhenium-phosphorus electroless plating, or nickel-boron 
electroless plating to wiring layers of ULSI wiring in which the wiring 
layers are separately formed via a diffusion prevention layer with an 
insulating interlayer portion made of Si0 2 , thereby forming a capping 
layer on the wiring layers. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a conceptional view illustrating one example of ULSI 
wiring manufactured through a conventional dual damascene process; 

FIG. 2 is a conceptional view illustrating another example of 
ULSI wiring manufactured through a conventional dual damascene 
process; 

FIG. 3 is a conceptional view illustrating ULSI wiring 
manufactured by a manufacturing method according to one 
embodiment of the present invention; 

FIG. 4 is a conceptional view illustrating ULSI wiring 
manufactured by a manufacturing method according to another 
embodiment of the present invention; 

FIG. 5 is a graph showing the thermal stability valuation of a 
nickel-rhenium-phosphorus diffusion prevention layer; 

FIG. 6 is a graph showing the thermal stability valuation of a 
nickel-boron capping layer; and 

FIG. 7 is a graph showing the thermal stability valuation of a 
nickel-boron capping layer fabricated with an electroless plating bath 
containing no alkali metal. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Before describing embodiments of the present invention, for 
making the understanding of the present invention easy, manufacturing 
methods of ULSI wiring according to prior arts will be described with 
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reference to FIGS. 1 and 2. 

As illustrated in FIG. 1 , in ULSI wiring according to the prior 
art 1 , particularly in case that a wiring layer 11 is made of Cu (copper), if 
Cu constituting the wiring layer 11 diffuses into an insulating interlayer 
13, it may bring about bad insulation. Therefore, it is indispensable to 
interpose a diffusion prevention layer 15 between the wiring layer 11 
and the insulating interlayer 13 and thereby prevent Cu from diffusing 
into the insulating interlayer 2. 

Conventionally, for this diffusion prevention layer 15, use is 
made of TaN, TiN, or the like, formed mainly through a sputtering 
process. In case that the wiring layer 1 1 is formed on this diffusion 
prevention layer 15 by electroplating, in particular, with copper, the 
diffusion prevention layer 15 of TaN, TiN, or the like, as described 
above, is inferior in electrical conductivity. Accordingly, a Cu seed layer 
or the like as a conductive layer 17 is required. Note that reference 
numeral 1 9 in the figure denotes an etching stop, and reference 
numeral 21 in the figure denotes a cap insulating layer (SiN). 

Although, in dual damascene processes, simplification of 
process and a decrease in cost by application of wet processes are 
considered to be advantageous, it is hard to say that the use of dry 
processes such as sputtering upon fabrication of the diffusion 
prevention layer and the conductive layer is the best technique. 

So, as illustrated in FIG. 2, a technique in which the diffusion 
prevention layer is fabricated through an electroless plating process as 
a wet process has been thought out in the prior art 2. 

Referring to FIG. 2, for forming a diffusion prevention layer by 
electroless plating according to the prior art 2, although it is 
indispensable to give catalysis to the surface of the insulating interlayer 
13, in one according to the prior art 2, for forming the diffusion 
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prevention layer 1 5 of COWP, as a catalyst layer 25, a Co layer is 
formed by sputtering to give catalysis. In this way, in the case of 
forming the catalyst layer 1 5 by sputtering, for keeping the adhesive 
properties between the diffusion prevention layer and the insulating 
interlayer and the uniformity of the diffusion prevention layer, a 
thickness to some extent is required. Therefore, by this method, further 
fineness of the ULSI wiring structure is difficult. 

In the above-described process, many steps are required till 
the fabrication of the wiring layer. In addition, two processes different in 
phase, such as sputtering and CVD as dry processes, and 
electroplating as a wet process, must be performed. Therefore, the 
process is complicated and it is disadvantageous in cost. 

Further, a layer of SiN or the like higher in dielectric constant 
than Si0 2 , as a capping layer (cap insulating layer), is formed on the 
wiring layer by chemical vapor deposition (CVD) or the like. In this case, 
a thickness to some extent is required for keeping the adhesive 
properties with the wiring layer, and the uniformity and thermal stability 
of the capping layer. Therefore, it has disadvantages that the wiring 
capacity is increased and further fineness of the wiring structure is 
difficult. 

Now, preferred embodiments of the present invention will be 
described with reference to FIGS. 3 to 9. 

Methods of manufacturing ULSI wiring according to the 
embodiments of the present invention are based on a dual damascene 
process. 

As illustrated in FIG. 3, in an embodiment of the present 
invention, first, the surface of the insulating interlayer 13 made of Si0 2 
is treated with an organic silane compound. By this, an adhesion layer 
27 preferably made of a monomolecular layer of the organic silane 
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compound. 

In this case, as the organic silane compound, although, for 
example, silane coupling agents such as silane having amino groups 
and alkoxy groups such as N-(2-aminoethyl)-3-aminopropyl trimethoxy 
silane, 3-aminopropyl trimethoxy silane, 2-(trimethoxysilyl)ethyl-2- 
pyridine, (aminoethyl)-phenethyl trimethoxy silane, or the like, and 
further silane having epoxy groups and alkoxy groups such as y - 
glycidyl propyl trimethoxy silane or the like, can be mentioned, 
particularly from the points of adhesive properties and catalysis giving 
properties, a silane coupling agent having amino groups and alkoxy 
groups is preferable. 

The above organic silane compound is used as a solution in 
which it is dissolved in a solvent, and treated by dipping the substrate 
having the insulating interlayer made of the above Si0 2 in this. In this 
case, as the solvent, although an alcoholic solvent such as methanol, 
ethanol, or the like, a hydrocarbonic solvent such as toluene or the like, 
are used, preferably, an alcoholic solvent, in particular, ethanol is 
preferable. 

Although depending upon the time in which the substrate is 
dipped, the concentration of the above organic silane is preferably 0.2-2 
vol.%, particularly, about 1 vol.% is preferable. 

Besides, this solution is used in the temperature range of, 
preferably, 20-90°C, particularly, 40-70°C, more particularly, 50-60°C. 
Note that the dipping time is preferably 30 minutes to 10 hours, 
particularly, 1 -6 hours, more particularly, 2-6 hours. 

In the present invention, next, the Si02 surface is catalyzed 
with a solution containing a palladium (Pd) compound. In this way, by 
dipping the substrate in a silane compound, particularly, a silane 
compound solution having amino groups in particular, preferably, a self- 
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organizing monomolecular layer in chemical bond with the Si0 2 surface 
is formed on the Si0 2 surface of the substrate, and further, by dipping 
this substrate in an aqueous solution containing a palladic salt, amino 
groups catch Pd, and it enables catalyzation of the Si0 2 surface. That 
is, although the surface that the monomolecular layer constituted by the 
silane compound, in particular, silane molecules having amino groups, 
on Si0 2 of the substrate, has good smoothness, by dipping in the 
aqueous solution containing the palladic salt, catalyzation of the surface 
becomes possible. 

Here, as the aqueous solution (catalysis giving liquid) 
containing a palladium compound, an acid aqueous solution containing 
a water-soluble palladium compound such as PdCI 2 , Na 2 PdCI 4 , or the 
like, is suitably used. In this case, the concentration of the palladium 
compound is preferably 0.01-0.5 g/L, particularly, 0.04-0.1 g/L, more 
particularly, 0.04-0.05 g/L, as palladium. In this catalysis giving liquid, at 
need, a buffer such as 2-morpholinoethane sulfonic acid or the like can 
be added, or a stabilizer such as NaCI or the like can be added. 
Besides, pH of this catalysis giving liquid is preferably set at 2-6, 
particularly, 4-6, more particularly, about 5. 

Although the catalyzation treatment using the above catalysis 
giving liquid is performed in the temperature range of, preferably, 10- 
40°C, particularly, 20-30°C, more particularly, 20-25°C, usually the room 
temperature suffices. Note that the dipping time is preferably 1 -60 
minutes, particularly, 10-30 minutes. 

Next, on Si0 2 to which the above catalyzation treatment has 
been applied, as illustrated in FIG. 3, a diffusion prevention layer 15 is 
formed by electroless plating. 

Here, in case that an adhesion layer 27 is formed onto Si0 2 
by the organic silane monomolecular layer, if an alkaline electroless 
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plating bath is directly used in the subsequent electroless plating 
process, since, by the Si0 2 surface being damaged, the adhesion layer 
27 is also damaged. Therefore, an electroless plating bath not more 
than neutrality must be used. 

However, when formation of a metallic film effective as the 
diffusion prevention layer 15 is considered, such a restriction is very 
disadvantageous. 

So, in the present invention, it is preferable to adopt a method 
in which, first, as the first step, metal cores are formed with a neutral or 
acid electroless plating bath, and then, as the second step, formation of 
the diffusion prevention layer using an alkaline electroless plating bath 
is performed by the use of self-catalysis functions of the metal cores 
themselves. If this process is used, even using the highly alkaline 
electroless plating bath in the second step, there is no damage on the 
adhesion layer, and fabrication of the diffusion prevention layer 
exhibiting good adhesive properties becomes possible. In this way, by 
forming the metal cores in the first step, since the restriction of the 
electroless plating bath used upon diffusion prevention layer formation, 
it can be said that this is a very effective technique. 

Here, as the above neutral or acid electroless plating bath, 
use is suitably made of electroless nickel plating bath using, as a 
reducing agent, hypophosphite, such as sodium hypophosphite or the 
like, amine borane, such as dimethylamine borane or the like, or the 
like, at pH of 4-7, particularly, 4-5, 5, more particularly, 4.4-5. As this 
neutral or acid electroless nickel plating bath, one having a known 
composition is used, and a commercial item can be used. 

Besides, plating conditions using this neutral or acid 
electroless nickel plating bath can be a normal method according to this 
plating bath, though being properly selected, for example, the plating 
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temperature is 70-95°C, particularly at 70-92°C, plating is preferably 
performed for 5-60 seconds, particularly, for 10-30 seconds, more 
particularly, for 10-15 seconds, and the film thickness of the plating film 
by this plating is preferably set at 5-25 nm, particularly, 5-15 nm. 

On the other hand, as the alkaline electroless plating bath, it 
is preferable to use an electroless nickel-tungsten-phosphorus bath, an 
electroless nickel-rhenium-phosphorus bath, an electroless nickel-boron 
bath, or the like. In this way, the substrate to which the above 
catalyzation has been applied is (a) by dipping in the neutral or acid 
electroless nickel plating bath, after deposition cores of nickel are 
formed, (b) by dipping in the alkaline electroless nickel-tungsten- 
phosphorus bath, electroless nickel-rhenium-phosphorus bath, or 
electroless nickel-boron bath, fabrication of a nickel alloy layer as the 
diffusion prevention layer is suitable. In this case, by performing the 
step of (a), as described above, metal film formation from such an 
alkaline electroless plating bath as (b) becomes possible, if the alkaline 
plating bath is used without performing the step of (a), since the 
substrate is damaged by the alkaline aqueous solution, the organic 
silane monomolecular layer is also damaged, and there is a fear of 
hindering the subsequent electroless plating process. A nickel- 
tungsten-phosphorus or nickel-rhenium-phosphorus thin film fabricated 
by the above step exhibits good adhesion, and by the subsequent 
anneal treatment, the adhesive properties are further improved. 

Note that the plating layer formed with the above electroless 
nickel-tungsten-phosphorus bath or electroless nickel-rhenium- 
phosphorus bath is, from the point of diffusion prevention effect or the 
like, preferably one in which the tungsten or rhenium content is 40-80 
wt.%, the phosphorus content is 0.1-1.0 wt.%, and the residual is nickel. 
Besides, the plating layer formed with the electroless nickel-boron bath 
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is preferably one in which the boron content is 5-10 wt.% and the 
residual is nickel. 

Here, as the electroless nickel-tungsten-phosphorus bath or 
electroless nickel-rhenium-phosphorus bath, one is preferable which 
contains 0.02-0.1 mole/L, particularly, about 0.075 mole/L of a water- 
soluble nickel salt, e.g., nickel sulfate or the like, 0.005-0.2 mole/L, 
particularly, 0.030-0.106 mole/L of a water-soluble tungstate or rhenate, 
such as sodium tungstate, ammonium perrhenate, or the like, and 0.09- 
0.1 mole/L, particularly, 0.094-0.1 mole/L of a hypophosphite, such as 
sodium hypophosphite or the like, as a reducing agent. As the 
electroless nickel-boron bath, one is preferable which contains 0.05-0.2 
mole/L, particularly, about 0.1 mole/L of a water-soluble nickel salt, e.g., 
nickel sulfate or the like, and 0.025-0.1 mole/L, particularly, about 0.05 
mole/L of amine borane such as dimethylamine borane or the like, as a 
reducing agent. Besides, these electroless plating baths preferably 
further contain 0.034-0.4 mole/L, particularly, 0.135-0.2 mole/L of a 
complexing agent such as carboxylic acid such as citric acid, tartaric 
acid, succinic acid, malonic acid, malic acid, gluconic acid, or the like, or 
its salt, or an ammonium salt such as ammonium sulfate or the like. In 
the baths, at need, a pH-conditioner, a buffer, a stabilizer, or the like, 
may be added. 

pH of the above plating baths can be set in the range of 7.4- 
10, particularly, 8.5-9.5. 

Although plating conditions are properly selected, plating can 
be performed at 80-90°C, particularly, about 90°C, for 1-30 minutes, 
particularly, 3-1 5 minutes, more particularly, 3-8 minutes, and the 
thickness of the diffusion prevention layer is preferably set at 50-100 
nm, particularly, about 50 nm. 

Note that the present invention preferably adopts a two-stage 
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plating method in which, after plating with a neutral or acid electroless 
plating bath, plating is performed with an alkaline electroless plating 
bath. However, it is not limited to this. The diffusion prevention layer 
can be formed by a single-stage plating method using a neutral or acid 
electroless plating bath. Particularly, in case that a neutral or acid bath 
(pH = 4-7) is used as the above nickel-tungsten-phosphorus bath, 
nickel-rhenium-phosphorus bath, or nickel-boron bath, the diffusion 
prevention layer can be formed by a single-stage plating method with 
this plating bath. 

Note that, after forming the diffusion prevention layer as 
described above, it is preferable to apply a heating treatment at 300- 
450°C, particularly, 300-350°C, for 10-30 minutes, particularly, 25-30 
minutes, and thereby the adhesive properties can be further improved. 
However, since a heating step is always included in ULSI wiring 
manufacturing process, even if no heating treatment step is performed 
here, finally, the improvement of the adhesive properties can be 
intended. 

In a process of manufacturing ULSI wiring before the diffusion 
prevention layer is formed on the organic silane layer and after the 
organic silane layer is deposited on the first insulation layer, the organic 
silane layer is subjected to heat-decomposition by heating of the 
process at a temperature, for example 300 S C or more in the process to 
form an adhesion layer containing at least one of silicon (Si) and carbon 
(C). 

Furthermore, in a process of manufacturing ULSI wiring after 
the diffusion prevention is formed on the organic silane layer, the 
adhesion layer heat-decomposed at the temperature, for example 
300 Q C or more in the process from the organic silane layer to form 
silicon (Si) and carbon (C) and which Si and C are further diffused into 
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the diffusion prevention layer by heating to form a diffusion prevention 
layer containing at least one of Si and C. 

In the present invention, after forming the diffusion prevention 
layer in this way, a wiring layer 11 can be formed directly on this as 
illustrated in FIG. 3. In this case, the wiring layer 11 is preferably 
formed by electroless copper plating or electroplating with copper (note 
that, in FIG. 3, reference numeral 19 denotes an etching stop made of 
SiN or the like, and reference numeral 21 is a cap insulating layer made 
of SiN). That is, the diffusion prevention layer fabricated by an 
electroless plating method as described above has catalyst activity to 
another electroless plating bath. Therefore, in FIG. 4, the step of 
forming a conductive layer for copper plating layer fabrication denoted 
by reference numeral 15 is eliminated, and subsequently, fabrication of 
the copper wiring layer 11 becomes possible by electroless copper 
plating. Further, if the diffusion prevention layer 1 5 is a metallic film low 
in specific resistance, fabrication of the copper wiring layer becomes 
possible not only by electroless plating but also electroplating with 
copper, and it can achieve the manufacture of the ULSI wiring layer by 
all wet processes. 

Here, as electroless copper plating, using a known electroless 
copper plating bath in which formalin, hypophosphite, further, 
dimethylamine borane, NaBH 4 , or the like is used as a reducing agent, 
plating can be performed under known conditions in accordance with 
the kind of the plating bath. Besides, as for electroplating with copper, 
using known electro-copper-plating bath, such as a copper-sulfate bath, 
a copper-borofluoride bath, a copper-pyrophosphate bath, or the like, 
plating can be performed under known conditions in accordance with 
the kind of the plating bath, and the wiring layer 11 can be formed by a 
normal method. 
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Further, in the present invention, after forming the wiring layer 
11 as described above, as illustrated in FIG. 4, further, a metallic plating 
thin film can be formed on this as a capping layer 29 like the diffusion 
prevention layer using an electroless plating bath, such as the above 
electroless nickel-tungsten-phosphorus bath, electroless nickel- 
rhenium-phosphorus bath, electroless nickel-boron bath, or the like. In 
the present invention, a step of forming a metallic plating thin film on the 
substrate by no use of forming the catalyst layer and with contacting to 
the substrate will be referred to as "direct forming the metallic plating 
film on the substrate". By this, without performing film formation of the 
cap insulating layer as shown by reference numeral 21 in FIG. 3, 
although film formation of an insulating interlayer in the upper layer can 
be performed as illustrated in FIG. 4, the wiring layer 11 forming the 
capping layer 29 by the above method is not limited to one formed by 
the above-described method, and also applicable is to form on the 
wiring layer 11 of the ULSI wiring formed by a conventionally known 
method. 

Note that, since the film thickness of the capping layer 29 of 
FIG. 4 is thin, the step with the upper surface of the insulating interlayer 
13 of the middle step is little and it is substantially flat. For further 
flattening, a structure may be in which the wiring layer upper surface is 
formed somewhat lower than the upper surface of the insulating 
interlayer 13 of the middle step. Furthermore, the structure may be in 
which the capping layer 29 is formed on this so that its upper surface is 
at the same height as the insulating interlayer 1 3 of the middle step. 
However, the structure is not limited to these. 

At this time, in the case of using an alkaline electroless plating 
bath, it is preferable to first treat with the acid electroless nickel-boron 
bath. Note that, in this case, its pH is preferably 4-6, particularly, 4-5. 



Since this electroless nickel-boron bath is acid, with removing oxide 
rubbish on the copper surface, it becomes possible to form reaction 
cores of electroless nickel-tungsten-phosphorus plating, electroless 
nickel-rhenium-phosphorus plating, or electroless nickel-boron plating, 
which will be performed subsequently. In the report in the above- 
mentioned Electrochi mica Acta and a report in IBM Journal Research 
and Development, vol.42 (1998), pp.607-620, although a treatment with 
a Pd aqueous solution is performed when the capping layer 29 is 
formed on Cu by electroless plating, in the process according to the 
present invention, it becomes possible to decrease one stage of the 
treatment with the Pd aqueous solution which is considered to be 
desirable that it is omitted in the semiconductor process as far as 
possible. In the case of using acid electroless nickel-boron plating for 
forming the capping layer 29, it has the above-mentioned advantage, 
and also the plating process can be performed in one stage. In the 
report of Electrochimica Acta, although the copper wiring layer 11 
surface fabricated by electroless plating is treated with fluoric acid and a 
palladium chloride aqueous solution, in the present invention, also the 
fluoric acid treatment which is considered to damage the insulating 
interlayer 13 can be eliminated. 

In the case of forming the capping layer 29 with the 
electroless nickel-tungsten-phosphorus plating bath or electroless 
nickel-rhenium-phosphorus plating bath, a two-stage process is 
preferable in which, after the treatment with the acid electroless nickel- 
boron plating bath as described above, plating is performed with the 
alkaline electroless nickel-tungsten-phosphorus plating bath or alkaline 
electroless nickel-rhenium-phosphorus plating bath. However, it is not 
limited to this. The capping layer 29 can be formed through a single- 
stage process by the use of an electroless plating bath containing 
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dimethylamine borane or the like which is acid and has activity on the 
copper surface as a reducing agent. 

Besides, as the method for forming the capping layer 29, a 
method also can be used in which oxide rubbish on the copper surface 
is removed with an acid aqueous solution such as sulfuric acid or the 
like, and then the capping layer 29 is formed with an electroless plating 
bath. In this case, as the electroless plating bath, an alkaline 
electroless plating bath, in particular, an alkaline electroless nickel- 
boron plating bath, is preferable, and further, the plating bath preferably 
contain no alkali metal such as sodium, potassium, or the like. If a 
plating bath containing alkali metal is used, the gate insulating film 
made of Si0 2 is contaminated with the alkali metal and there is a case 
that it causes deterioration of transistor characteristics. Note that, in 
this case, pH of the plating bath can be controlled with a base 
containing no alkali metal, such as TMAH (tetramethylammonium 
hydroxide). 

Note that, as for the electroless plating bath in the case of 
forming the capping layer 29, as the electroless nickel-tungsten- 
phosphorus bath or electroless nickel-rhenium-phosphorus bath, one is 
preferable which contains 0.02-0.1 mole/L, particularly, about 0.075 
mole/Lof a water-soluble nickel salt, e.g., nickel sulfate or the like, 
0.005-0.2 mole/L, particularly, 0.030-0.106 mole/L of a water-soluble 
tungstate or rhenate such as sodium tungstate, ammonium perrhenate, 
or the like, and 0.09-0.1 mole/L, particularly, 0.094-0.1 mole/Lof a 
hypophosphite such as sodium hypophosphite or the like, as a reducing 
agent. 

As the electroless nickel-boron bath, one is preferable which 
contains 0.05-0.2 mole/L, particularly, about 0.1 mole/L of a water- 
soluble nickel salt, e.g., nickel sulfate or the like, and 0.025-0.1 mole/L, 
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particularly, about 0.05 mole/L of amine borane such as dimethylamine 
borane or the like, as a reducing agent. Besides, these electroless 
plating baths preferably further contain 0.034-0.4 mole/L, particularly, 
0.135-0.2 mole/L of a complexing agent such as carboxylic acid such as 
citric acid, tartaric acid, succinic acid, malonic acid, malic acid, gluconic 
acid, or the like, or its salt, or an ammonium salt such as ammonium 
sulfate or the like. In the baths, at need, a pH-conditioner, a buffer, a 
stabilizer, or the like, may be added. 

pH of the above plating baths can be set in the range of 7.4- 
10, particularly, 8.5-9.5. 

Although plating conditions are properly selected, plating can 
be performed at 80-90°C, particularly, about 90°C, for 1-30 minutes, 
particularly, 3-15 minutes, more particularly, 3-8 minutes, and the 
thickness of the capping layer 29 is preferably set at 5-100 nm, 
particularly, about 20 nm. 

The capping layer 29 obtained by the above method is, from 
the point of thermal stability or the like, in the case of nickel-tungsten- 
phosphorus or nickel-rhenium-phosphorus, preferably one in which the 
tungsten or rhenium content is 40-80 wt.%, the phosphorus content is 
0.1-1 .0 wt.%, and the residual is nickel. On the other hand, in the case 
of nickel-boron, it is preferably one in which the boron content is 0.1-10 
wt.% and the residual is nickel. 

Well, although specific examples of the present invention will 
be described, the present invention is not limited by this. 

(Examples 1-3) 

By washing an Si0 2 (film thickness: 30 nm)/Si substrate by an 
SPM treatment [H 2 S04:H 2 02 = 4:1 (volume ratio), 80°C, 10 minutes], 
and dipping this substrate in an N-(2-aminoethyl)-3-aminopropyl 
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trimethoxy silane ethanol solution having the composition shown in 
Table 1 , at 50°C for four hours, an organic silane monomolecular layer 
was formed. Next, by dipping it in ethanol, removing surplus organic 
silane molecules by supersonic washing, and subsequently, dipping it in 
an aqueous solution containing Na 2 PdCI 4 at the component 
concentration shown in the below Table 2, at the room temperature for 
10-30 minutes, the surface was catalyzed. The substrate pulled up 
from the above solution was washed with ultrapure water and kept in 
ultrapure water. 

Next, as the first step, this substrate was dipped in an 
electroless plating bath whose pH had been controlled to 4.5 and which 
had the composition shown in Table 3, at 70-90°C for 10-1 5 seconds to 
form nickel cores on the surface. Subsequently, as the second step, 
this substrate was dipped in an electroless plating bath whose pH had 
been controlled to 9.0 and which had the component concentration 
shown in Table 4, for 3-8 minutes. As a result, a diffusion prevention 
layer was obtained. The whole surface of the substrate obtained had 
uniform metallic luster. 



Table 1 





Content (ml/1 00ml) 


N-(2-aminoethyl)-3-aminopropyl 
trimethoxy silane 


1.0 


Ethanol 


99.0 
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Table 2 





ComDonent Cone (a/L.) 


NaCI 


0.5844 


2-Morpholinoethane sulfonic acid 


2.132 


Na 2 PdCI 4 


0.1140 


pH (adjusted with NaOH) 


5.0 



Table 3 





Component Cone. (mol/L) 


NaH 2 P0 2 • H 2 0 


0.15 


(NH 4 ) 2 S0 4 


0.50 


Sodium citrate 


0.20 


NiSCU • 6H 2 Q 


0.10 
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Table 4 



Component Cone. (mol/L) 


Example 1 


Example 2 


Example 3 


(NH 4 ) 2 S0 4 


0.227 






Sodium citrate 


0.135 


0.400 


0.2 


NiS0 4 


0.027 


0.0750 


0.1 




0 106 






(NH 4 ) 2 Re0 4 




0.0300 




NaH 2 P0 2 


0.100 


0.100 




Dimethylamine borane 






0.05 


pH (adjusted with NaOH) 


9.0 


9.0 


9.0 



Note that, in the above example, if the first step was omitted 
and the second step was performed, it resulted in either that the metal 
deposition from the alkaline electroless plating bath of the above Table 
4 became partial or that no deposition was observed. 

Besides, as shown in FIG. 5, the nickel-rhenium-phosphorus 
diffusion prevention layer fabricated on Si0 2 exhibited good thermal 
stability to 400°C, and it was recognized to have a sufficient 
performance as the diffusion prevention layer. 

After the above alkaline electroless plating, copper plating 
was performed using the electroless copper plating bath having the 
composition shown in the below Table 5, or the electroless steel plating 
bath having the composition shown in the below Table 6. In either case, 
good plating could be directly performed, and it was recognized to be 
able to form a wiring layer by direct copper plating. 
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Table 5 





Component Cone. 


C11SO4 • 5H 2 0 


2 (g/dm 3 ) 


EDTA 


6 (g/dm 3 ) 


DMAB 


4 (g/dm 3 ) 



Table 6 




Component Cone. 


C11SO4 • 5H 2 0 


0.24 (mol/L) 


H 2 S0 4 


1 .8 (mol/L) 


CL- 


50 (mol/L) 


Polyethylene glycol 


300 (mol/L) 


Bis(3-sulfopropyl) disulfide 


1 .0 (mol/L) 


Janus Green B 


1 .0 (mol/L) 



After the above copper plating, with alcohol, such as ethanol, 
isopropyl alcohol, or the like, organic matter pollution on the copper 
surface was washed. Then, by the use of one in which pH of the 
electroless nickel-boron plating bath shown in the above Table 4 had 
been controlled to be acid (pH 5.0), reaction cores were formed for 
removal of oxide rubbish on the copper surface and electroless nickel- 
tungsten-phosphorus plating or electroless nickel-rhenium-phosphorus 
plating. By these treatments, the copper surface became pure and 
reaction active. Subsequently, when the above alkaline electroless 
plating was performed and fabrication of a capping layer 29 was 
performed, it exhibited good thermal stability to 450°C, and it was made 
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clear to have a sufficient performance as the capping layer 29. 
Besides, after the above organic manner pollution washing step, using 
one in which pH of the electroless nickel-boron plating bath shown in 
the above Table 4 had been controlled to be acid, also in the case of 
performing removal of oxide rubbish on the copper surface and 
fabrication of the capping layer in a single stage, it exhibited good 
thermal stability to 400°C, and it was made clear to have a sufficient 
performance as the capping layer 29. 

Besides, after the above-described copper plating, with 
alcohol such as ethanol, isopropyl alcohol, or the like, organic matter 
pollution on the copper surface was washed. Then, oxide rubbish on 
the copper surface was removed by dipping it in 10% sulfuric acid 
aqueous solution. By the use of the electroless nickel-boron plating 
bath shown in the above Table 4, fabrication of the capping layer 29 
was performed by electroless plating. As shown in FIG. 6, the capping 
layer exhibited good thermal stability to 450°C, and it was made clear to 
have a sufficient performance as the capping layer 29. 

Further, after the above-described copper plating, the above 
organic matter pollution washing and oxide rubbish removal step on the 
copper surface was applied. By the use of the electroless nickel-boron 
plating bath containing no alkali metal shown in Table 7, fabrication of 
the capping layer 29 was performed by electroless plating. As shown in 
FIG. 7, the capping layer 29 exhibited good thermal stability to 400°C, 
and it was made clear to have a sufficient performance as the capping 
layer 29. 
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Table 7 





ComDonent Cone. (mol/L) 


Citrate 


0.2 


NiS0 4 


0.1 


DMAB 


0.05 


pH (adjusted byTMAH) 


9.0 



As described above, according to the present invention, the 
diffusion prevention layer having good adhesive properties can all be 
formed through a simple process by wet processes, and further, the 
wiring layer can be formed on this diffusion prevention layer directly by 
the wet process. The capping layer can directly be formed on this 
wiring layer by the wet process. However, in the case of attaching the 
capping layer onto the wiring layer, the diffusion prevention layer of the 
lower layer is not limited to formation by the wet process. 

In the above-embodiment, use is made of a silicon dioxide 
(Si0 2 ) layer, as the first and the second insulating internal layers. 
Furthermore, as the first and the second insulating internal layers, use 
may be made of a low dielectric layer, such as a hydrogen 
silsesquiozane layer (HSQ), a silicon oxycarbide (SiOC) layer, and the 
like. 

Furthermore, in the above-embodiment, use is made of a 
plating film, such as a nickel-tungsten-phosphorus plating film, a nickel- 
rhenium-phosphorus plating film, and a nickel-boron film as the diffusion 
protection film and the capping layer. In place of the plating films as the 
diffusion protection film, use may be made of a conventional plating 
film, such as a cobalt-tungsten-phosphorus film, a cobalt-tungsten- 
boron film, and a cobalt metal film. 



